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Areyou thinking about buying agrid-tied PV systemfor your homeor business?If so, this
booklet will provide basicinformation that you need to know. Coloradansare showing
increased interest in solar e ectric systemsfor their homes and busi nesses. These photo-
voltaic—or PV—systemsarereliable, pollution free, and use arenewabl e source of energy—
the sun. Although they aretill expensive, they arebecoming moreaffordableal thetime.

Tomakegrid-tied PV (GTPV) systemseven more affordable to Col orado consumers,
the Colorado Office of Energy Conservation and the Colorado Solar Energy Industries
Association (COSEIA) now offer financia incentivesthrough the COSEIA Solar Rebate
Program. And some Colorado utilities, including Public Service Company of Colorado,
offer net metering to make GTPV systemseven more economical. Net metering meansthat
you can sell the excesselectricity from your GTPV system back to your utility for the same
priceyou pay for electricity. In essence, your electric meter will run backward when you are
not using al the power that your GTPV system generates.

Thisbooklet isdesigned to guide you through the process of buying agrid-tied solar
electric system. A word of caution: Thisisnot atechnical guidefor designing or installing
your system—for that information, we recommend that you consult an experienced PV sys-
tem designer or system supplier (“PV provider”) whowill have detailed technical specifica-
tionsand other necessary information. A PV system can beasubstantia investment, and as
with any investment, careful planning will help ensurethat you maketheright decisions.
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Background

What is a solar electric, or
photovoltaic, system?

PV technology converts sunlight
directly into electricity. It worksany time
the sunisshining, but more electricity
will be produced when thelight ismore
intense (asunny day) and isstriking the
PV modulesdirectly (when the rays of
sunlight are perpendicular to the PV
modules). Unlike solar systemsfor heat-
ing water, which you might be more
familiar with, PV technology does not use
the sun’s heat to make el ectricity. Instead,
PV produceselectricity directly from the
electronsfreed by the interaction of sun-
light with semiconductor materialsin the
PV cells.

But you don’t need to understand the
detailed physics of how PV worksto
understand its appeal: investingin PV
alowsyou to produce your own electric-
ity with no noise, no air pollution, and no
moving partswhile using aclean, renew-
ableresource. A PV system will never run
out of fuel, and it won't increase our oil

PV System
Photovoltaic Modules

importsfrom overseas. Infact, it may
not even contribute to the trade deficit,
because many PV system components
are manufactured in the United States.
Due to these unique characteristics, PV
technology has been called “the ultimate
energy source for the 21st century.”

The basic building block of PV tech-
nology isthesolar “cell.” PV cellsare
wired together to producea PV “module,”
the smallest PV component sold commer-
cialy, and these modulesrangein power
output from about 10 watts to 300 watts.

APV system tied to the utility grid —
a“grid-tied PV” or GTPV system —
consists of one or more PV modules
connected to an inverter that changesthe
system’sdirect-current (DC) electricity
to alternating current (AC), whichis
compatiblewith the utility grid and able
to power devices such aslights, appli-
ances, computers, and televisions. You
may include batteriesin the system to
provide back-up power in case your
utility experiences apower outage.
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Before you decideto buy aGTPV sys-
tem, you should understand the current
status of the technology:

First, it produces power intermittently
becauseit worksonly whenthesunis
shining. Thisisnot aproblemfor PV sys-
tems connected to the utility grid, because
additional electricity you need is automat-
ically delivered to you by your utility.

Second, GTPV-generated electricity is
more expensive than conventional utility-
supplied electricity. Improved manufac-
turing has reduced the cost to lessthan
one percent of what it wasin the 1970s,
but the cost (amortized over thelife of
the system) is till about 25 cents per
kilowatt-hour. Thisisroughly threeto
four timestheretail pricethat most
Colorado residents now pay for electricity
fromtheir utilities. The COSEIA Solar
Rebate Program and net metering can
help make GTPV more affordable, but it
can’'t match today’s pricefor electricity
fromyour utility.

Finally, unlike electricity purchased
month by month from a utility, PV power
comeswith ahighinitia investment and
no monthly charge thereafter. This means
that buying aPV systemislike paying
yearsof electric billsup front. You'll
probably appreciate thereductionin
your monthly electric bills, but theinitial
expense may besignificant. By financing
your PV system, you can spread the cost
over many years, and the new Colorado
rebate can also lighten your load.

What is the COSEIA Solar Rebate
Program, and how do | qualify?

The Colorado Solar Energy Industries
Association (COSEIA) Solar Rebate
Program provides acash rebate for new,
grid-tied photovoltaic systemsinstalled
in Colorado between June 22, 1998 and

June 15, 1999. Federal facilitiesareineli-
giblefor the rebate program. Sponsored
by COSEIA and the Colorado Office of
Energy Conservation, the programis
available on afirst-come, first-served
basisuntil funds are used up. Rebates
for GTPV systems are based on the
estimated annual energy production of
installed systems and are capped at
$2,500. For an efficient system that is
properly installed, the rebate amountsto
about $2.20 per watt of installed generat-
ing capacity, up to the cap.

To promote the highest quality grid-tied
PV systems possible, anumber of key
requirements must be met to qualify for
the COSEIA Solar Rebate Program:

* PV modulesand inverters must be
“listed” by anationally recognized
listing agency (e.g., Underwriters
Laboratories).

» Aqualifiedinstallation contractor who
has special knowledge of grid-tied PV
systemsand can certify therebate
application must install the PV system.
In addition, the qualified installation
contractor (or asubcontractor—usually
an electrician) must belicensed or
otherwiselegally authorized to perform
theinstallation.

* PV modules must beinstalled so that
they are unshaded between 9:00 am.
and 3:00 p.m. Mountain Standard Time
on March 21 and September 23.

e PV systemsmust beinstalledin
compliance with applicable state,
county, and local building codes and
regulations, and they must meet the
interconnection requirements of the
electric utility.

* PV systemsmust beinstalled according
to manufacturer’s specifications, must
befully warranted for two years, and



must come with owner’s manualsand
warranty documentation.

Rebates are awarded after systems
have been completely installed and
inspected. If youintendtoinstall aGTPV
system and apply for arebate, make sure
that the system you plan to install meets
the program eligibility requirements
before you begin. Read the application
and instructions carefully, and make sure
you understand all of the requirements.
Talk to arepresentative of your local
utility, and contact your local building
department to determine the applicable
interconnection and code requirements.
Make sure that the modules and inverter
you intend to purchase arelisted by a
nationally recognized listing agency and
satisfy utility and building-department

criteria. Make surethat your installation
contractor isqualified to install the system
and to certify the application. Finaly,
contact COSEIA to make sure that rebate
fundsarestill available. Your qualified
system installer/supplier can help you
with thispreliminary step.

Other program requirements and rebate
calculation details are described inthe
application materials available from
COSEIA. Your qualified PV provider
should be able to guide you through the
process. If you have additional questions,
you can contact COSEIA by telephone
at 303-750-9764 or 800-633-9764, or by
e-mail at seiacolo@aol.com.
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« This large grid-tied PV system will provide
™ all of the electricity needed for this home.
(Phato courtesy of Altair Energy)
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Investing in a GTPV system

Why should I buy a GTPV system?

People decideto buy GTPV systemsfor
avariety of reasons. Somewant to help
preservethe earth’sfinite fossil-fuel
resourcesand reduce air pollution. Others
believe that it makes more sense to spend
their money on an energy-producing
improvement to their property than to
send their money to autility. Some people
like the security of reducing the amount
of electricity they buy from their utility,
becauseit makesthem lessvulnerableto
futureincreasesin the price of electricity.
Finally, some peoplejust don't like pay-
ing utility billsand appreciate theinde-
pendencethat aGTPV system provides.

Whatever your reason, solar energy is
widely thought to be the energy source of
choicefor the future, and Col oradans have
aunique opportunity to take advantage
of astate-sponsored program to help
makeit their energy choice for today and
tomorrow.

Is my home or business a good place
for a solar system?

Can you orient your system for good
performance?

A well-designed PV system needsclear
and unobstructed accessto the sun’srays
for most or al of the day, throughout the
year. You can make an initial assessment
yourself, and if the location |ooks promis-
ing, your PV provider hasthetoolsto
trace the sun’s path at your location and
determine whether your home or business
can make use of aPV solar system.

The orientation of your PV system (the
compass direction that your system faces)
will affect performance. In Colorado, the
sunisawaysinthe southern half of the

sky and is higher in the summer and lower
inthewinter. Usually, the best location
for aPV systemisasouth-facing roof,

but roofsthat face east or west may also
be acceptable. Flat roofs also work well
for solar systems because the PV modules
can be mounted flat on the roof facing the
sky or mounted on framestilted toward
the south at the optimal angle.

If arooftop can’t be used, your solar
modules can also be placed on the ground,
either on afixed mount or a“tracking”
mount that follows the sun to orient the
PV modulesfor maximum performance.
Other options (used most often in multi-
family or commercial applications)
include mounting structuresthat create
covered parking or provide shade as
window awnings.

I syour sitefreefrom shading by trees,
nearby buildings, or other
obstructions?

To make the best use of your PV sys-
tem, the PV modules must have aclear
“view” of the sunfor most or all of the
day—unobstructed by trees, roof gables,
chimneys, buildings, and other features
of your home and the surrounding land-
scape. It isimportant to note that even
though theareawhereasystemis
mounted may be unshaded during one
part of the day, it may be shaded during
another. If thisisthe case, then this shad-
ing may substantially reduce the amount
of electricity that your systemwill pro-
duce. Remember, to be eligible for the
COSEIA rebate, your system must be
unshaded between the hours of 9:00 am.
and 3:00 p.m. MST on March 21 and
September 23. An existing Colorado
law—Colorado Revised Statutes, Article
38-32.5—establishes your right to protect



your solar access through the creation of
a“ Solar Easement.”

Do you have enough area on your
roof or property?

The amount of space needed by aPV
system isbased on the physical size of the
system you purchase. Most residential
systemsrequire aslittle as 50 square feet
(for asmall “ starter” system) up to as
much as 1,000 sguare feet. Commercial
systemsaretypicaly even larger. If your
location limitsthe physical size of your
system, you may want to install asystem
that uses more-efficient PV modules.
Greater efficiency meansthat the module
usesless surface areato convert sunlight
into agiven amount of electric power. PV
modules are available today in arange of
types, and some offer more efficiency per
sguare foot than do others. The cost per
kilowatt of higher-efficiency modulesis
about the same aslow-efficiency mod-
ules, so thismay not add to your system’s
price. System sizing isdiscussed later in
this bookl et and should al so be discussed
with your PV provider.

What kind of roof do you have,
andwhat isitscondition?

Some roof typesare simpler and
cheaper to work with, but aPV system
can beinstalled on any type. Typicaly,

composition shingles are easiest to work
with, and dateisthe most difficult. Inany
case, an experienced solar installer will
know how to work on all roof typesand
can use roofing techniquesthat eliminate
any possibility of leaks. Ask your PV
provider how the PV system affectsyour
roof warranty.

If your roof isolder and needsto be
replaced inthe very near future, you
may want to replaceit at thetimethe PV
systemisinstalled to avoid the cost of
removing and reinstalling your PV sys-
tem. Panels often can beintegrated into
theroof itself, and some modules are
actually designed asthree-tab shingles
or raised-seam metal roof sections. One
benefit of these systemsistheir ability
to offset the cost of roof materials.

How big should my PV system be,
and what features should it have?

Asastarting point, you might consider
how much of your present electricity
needs you would like to meet with your
GTPV system. For example, suppose that
you would like to meet 50 percent of your
electricity needswith your GTPV system.
You could work with your PV provider
to examine past electric billsand deter-
minethesize of the GTPV system needed
to achievethat goal.

Roof Area Needed in Square Feet (shown in Bold Type)

E;/ﬂmcl;lf PV capacity rating (watts)
(%)
100 250 500 1,000 2,000 4,000 10,000 100,000
4 30 75 150 300 600 1,200 3,000 30,000
8 15 38 75 150 300 600 1,500 15,000
12 10 25 50 100 200 400 1,000 10,000
16 8 20 40 160 320 800 8,000

* Although the efficiency (percent of sunlight converted to electricity) varies with the different types of PV modules
available today, higher-efficiency modules typically cost more. So, a less-efficient system is not necessarily less cost-effective.
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You can contact your utility and request
thetotal electricity usage, measuredin
kilowatt-hours, for your household or
businessover the last 12 months (or con-
sult your electric billsif you save them).
Ask your PV provider how much your
new GTPV system will produceon an
annual basis (also measured in kilowatt-
hours) and compare that number to your
annual electricity demand to get anideaof
how much you will save. In the next sec-
tion, we'll provide moreinformation on
estimating how much you will save.

The COSEIA Solar Rebate Programis
capped at $2,500, whichisthe amount
that awell-installed, efficient system with
about 1200 watts of generation capacity
will qualify for. Therefore, a 1200-watt
system maximizes the benefit of the
COSEIA Solar Rebate Program.

To qualify for “net metering” in Public
Service Company of Colorado’s service
territory, your GTPV system must havea
peak generating capacity of not more
than 10 kilowatts (10,000 watts). Other
Colorado utilitiesmay have similar size
restrictions. Also, utilitiesmay have dif-
ferent provisionsfor buying excess elec-
tricity produced by your system on an
annual basis (see the section on net meter-
ing for more detail). Finally, customers
eligiblefor net metering may vary from
utility to utility. Public Service Company
of Colorado alows net metering for both
residential and commercial customers.

One optional feature you might con-
sider isabattery system to provide back-
up power in case of autility power outage.
Batteries add valueto your system, but at
anincreased price.

Asyou sizeyour system, you should
consider the*“economies of scale” that can
decrease the cost per kilowatt-hour asyou
increase the size and cost of the system.
For example, many invertersare sized for
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systemsup to 5 kilowatts, and if your PV
array issmaller (say 3 kilowatts), you
may still end up buying the sameinverter.
Labor costsfor asmall system may be
nearly as much asthosefor alarge system.
Therefore, it'sworth remembering that
your PV provider islikely to offer youa
better pricetoinstall a2-kilowatt system
all at once, than to install a 1-kilowatt
thisyear and another similar system next
year—because multiple orders and multi-
plesitevisits are more expensive.

How much will my GTPV system
save me?

Thevaueof your GTPV system’selec-
tricity will depend on how much you pay
your utility for electricity and how much
your utility will pay you for any excess
that you generate. If your utility offersnet
metering (and so paysthefull retail price
for your excess electricity), your calcula-
tion may befairly easy because you and
your utility will each pay the same price
for each other’selectricity. You can use
the calculation box at right to roughly
approximate how much electricity your
GTPV system will produce and how much
that electricity will beworth. Keepin
mind that actual energy production from
your GTPV systemwill vary by up to 20
percent from these figures, depending on
your geographic location, the angle and
orientation of your system, the quality of
the components of your system, and the
quality of theinstallation. Alsokeepin
mind that you may not get full retail value
for excesselectricity produced by your
system on an annual basis, evenif your
utility does offer net metering. Be sure
to discusstheseissueswith your PV
provider. Consider asking for awritten
estimate of the average annual energy pro-
duction from the GTPV system. However,
you should realize that even if an estimate



Calculating Electricity Bill Savings for a Net-Metered GTPV System

Step 1: Select your location and kWh/kW from the map below.

Step2: Multiply the KWh/KW-yr times the PV system rating (in kW) to get the yearly PV system

production in KWh/yr.

Step3: Multiply the PV system kWh/yr times your retail rate in $/kWh to get the annual bill savings.

Example: - A 2-kW system in Denver, CO, at an electricity rate of $0.07/kWh will save about $252 per
year (1,800 kWh/kW-year x 2 kW x $0.07/kWh = $252/year).

1,650

Photovoltaic System
Production (KWh/KW-yr)
Photovoltaic system production
estimates are for a 1-kW rooftop PV
system facing due south at a 20° tilt.

Example: A 2-KW rooftop PV system
located in Denver, CO, will produce
about 3,600 kWh per year (2 kKW x
1,800 kWh/KW-yr).

2,100

2,100

© Pacific Energy Group modeled with PVGRID™

1,800 1,650
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isaccuratefor an average year, actua
electricity production will fluctuate from
year to year dueto natural variationsin
weather and climate.

If your utility does not offer net meter-
ing, you can still usethe calculation box
to determine the amount of electricity
your system will produce. But determin-
ing itsvalueis much trickier because your
excess electricity will not beworth as
much asthe electricity you actually use.
You may earn only 2 cents per kilowatt-
hour—or lessthan half of theretail rate—
for your excess power. PV systems
produce most of their electricity during
the middle of the day when residential
electric loadstend to be small. If net
metering is not offered by your utility,

you may want to size your system to
avoid generating electricity significantly
beyond your actual needs.

How much does a GTPV system cost?

Thereisno single answer, but keepin
mind that the COSEIA Solar Rebate
Program may reducethe cost. Your sys-
tem’s price will depend on anumber of
factors, including whether the homeis
under construction or whether the PV is
integrated into the roof or mounted on
top of an existing roof. The pricealso
varies depending on the PV system rating,
manufacturer, retailer, and installer.

The size of your system may bethe

most significant factor in any equation
measuring your costs against your




benefits. Small, single PV-panel systems
with built-in invertersthat produce about
75 watts may cost around $900 installed,
or $12 per watt. These small systemswill
offset only asmall fraction of your elec-
tricity bill. A 2-kilowatt system that will
offset the needs of avery energy-efficient
home may cost $16,000 to $20,000
installed, or $8 to $10 per watt. At the high
end, a5-kilowatt system that will com-
pletely offset the energy needs of many
conventional homes may cost $30,000 to
$40,000 installed, or $6 to $8 per watt.
These prices, of course, arejust rough
estimates, and your costswill depend on
your system’s configuration, your equip-
ment options, and other factors. Your local
PV providers can provide you with esti-
matesor bids.

Are incentives available to help
reduce the cost?

Yes! That'sthe primary feature of the
COSEIA Solar Rebate Program described
earlier. Call COSEIA at 800-633-9764,
and see the Getting Help page at the end
of thisbooklet.

Federal I ncentive Programs

TheU.S. government &l so provides
financial support for PV technology
through atax credit for commercial uses
of solar energy. Thisenergy investment
credit provides businesses (but not indi-
vidualsor utilities) with a 10% tax credit
and 5-year accelerated depreciation for
the cost of equipment used to generate
electricity by solar technologies.

How can | finance the cost of
my PV system?

Thereisnothing magical about financ-
ing the cost of purchasing and installing
your PV system. Although there are some
special programsavailablefor financing

solar and other renewable-energy invest-
ments, most of the optionswill be familiar
toyou.

The best way to finance PV systems
for homesisthrough amortgage loan.
Mortgage financing optionsinclude your
primary mortgage, a second mortgage
such asaU.S. Department of Housing and
Urban Development (HUD) Title 1 loan,
or ahome-equity loan that is secured by
your property. There aretwo advantages
to mortgage financing. First, mortgage
financing usually provideslonger terms
and lower interest rates than other loans
such as conventional bank loans. Second,
theinterest paid on amortgageloanis
generally deductible on your federal taxes
(subject to certain conditions). If you buy
the PV system at the sametimethat you
build, buy, or refinance the house on
whichthe PV system will beinstalled,
adding the cost of the PV system to your
mortgage loan islikely to berelatively
simple and may avoid additional loan
applicationformsor fees.

If mortgage financing isnot available,
look for other sources of financing, such
asconventional bank loans. Remember
to look for the best possible combination
of low rateand long term. Thiswill allow
you to amortizeyour PV system asinex-
pensively as possible. Because your PV
systemisalong-terminvestment, the
termsand conditions of your PV financing
arelikely to be the most important factor
in determining the effective price of your
PV-generated power.

PV systems purchased for business
applications are probably best financed
through acompany’s existing sources
of fundsfor capital purchases—usually
Small BusinessAdministration loans or
conventional bank loans.



Selecting a PV provider

Who sells and installs PV systems?

In somelocations, finding aPV
provider can be assimple as picking up
the telephone directory and looking under
“Solar Energy Equipment and Systems—
Dealers.” Be aware, however, that many
of thoselistingsarefor solar water-hesting
companies. Many of these companies
may not be experienced in PV system
design or installation. Similarly, many
electrical contractors, although proficient
intypical electrical contracting work,
may not have expertisein PV or with
residential roof-mounting techniques.
How do you identify solar electric system
providers? Here are several suggestions.

» Check the Colorado PV Productsand
Service Vendor List, available fromthe
third-party Colorado PV Vendor List
Service, by calling 303-783-3899, or
toll-free, 877-783-3899.

Contact the Colorado Solar Energy
IndustriesAssociation for alist of solar
service providers (303-750-9764 or
800-633-9764).

» Conduct asearch onthe Internet.

Colorado ishometo many reputable
contractorswith experienceininstalling
PV systems. Unlessyou are skilled in PV
installation, you should consider hiring a
professional.

How do I choose among PV providers?

Compilealist of prospective PV
providers. You might first consider those
closest to you, because the contractor’s
travel costs might add to your system
price. Next, contact these providers and
find out what products and servicesthey
offer. Thefollowing questions may give
you agood sense of their capabilities:

Hasthecompanyinstalled grid-
connected PV systems? I f not,
hasitinstalled grid-independent
PV systems?

Experienceinstalling grid-connected
systemsis val uable because some ele-
ments of theinstallation—particularly
interconnection with thelocal utility—
are uniqueto these systems. Because
grid-connected systems arerelatively
uncommon, most contractorswith PV
experience have worked only on systems
such asthose that power remote cabins
far from the nearest utility line. This
meansthey have experience with all
aspects of PV system installation except
the connection with the utility grid.
Although grid-connection work is differ-
ent from “off-grid” work, acompetent
company with PV experience should
not be eliminated just because it has not
installed grid-connected PV systems
inthe past. In fact, experience with off-
grid systemsis valuabl e because grid-
independent systems are moretechnically
complicated than grid-tied systems.
How many years of experience doesthe
company haveinstalling PV systems?

Thisissue speaksfor itself: A company
or contractor that has been in businessa
long time has demonstrated an ability to
work with customers and to compete
effectively with other firms.

| sthe company properly licensed?

PV systemsshould installed by an
appropriately licensed contractor. This
usually meansthat either theinstaller or
asubcontractor has an electrical contrac-
tor’'slicense. The State Electrical Board,
(303-894-2300, ext. 111) cantell youif a
contractor hasavalid electrician’slicense.
Local building departments a so may



requirethat theinstaller have ageneral
contractor’slicense. Consumers should
call the city and county inwhich they live
for additional information on licensing.

The COSEIA Solar Rebate Program
requiresthat, in addition to being properly
licensed, installers must demonstrate that
they possess specia knowledge about
installing PV systems. This special
knowledge can be demonstrated in any
one of thefollowing ways:

 Possession of asolar contractor spe-
cialty license, issued by alocal building
jurisdiction, that recognizes—through
testing or other means—special knowl-
edge of PV systems.

e COSEIA certificationin PV systems.

« A letter from the manufacturer of the
PV system stating that the installer has
experience and/or training necessary to
install the system properly.

Doesthe company have any pending or

activejudgementsor liensagainst it?
Aswith any project that requiresa

contractor, due diligenceisrecom-

mended. The State Electrical Board (303-

894-2300, ext. 111) can tell you about any

judgments or complaints against a state-

licensed electrician. Consumers should
call the city and county in which they
livefor additional information on how

to check up on contractors.

The Better Business Bureau is another
source of information on contractors. The
Bureau can bereached at 303-758-2100
(Denver), 719-636-1155 (Colorado
Springs/Puebl o), or 970-484-1348
(Northern/Western Colorado).

How do | choose among
competing bids?

If you have decided to get morethan
onebid for theinstallation of your PV
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system (and it'sgenerally agood ideato
do so), you should take stepsto ensure
that all of the bidsyou receive are made
on the same basis. For example, compar-
ing abid for asystem mounted on the
ground against another bid for arooftop
system islike comparing applesto
oranges. Similarly, different types of PV
modul es generate more el ectricity per
square foot than others. Bids should
clearly state the maximum generating
capacity of the system (measuredin
watts or kilowatts). If possible, have the
bids specify the system capacity in“AC
watts,” or specify the output of the system
at theinverter.

You may want to obtain some estimate
of the amount of energy that the system
will produce on an annual basis (mea-
sured in kilowatt-hours). Because the
amount of energy depends on the amount
of sunlight—which varies by location,
season, and year to year—it isunrealistic
to expect aspecific figure. A range of
+20% ismorerealistic. Bidsalso should
include thetotal cost of getting the PV
system up and running, including hard-
ware, installation, connection to the grid,
permitting, salestax, and warranty.

Your warranty isavery important fac-
tor for evaluating bids. The COSEIA
Solar Rebate Program requiresthat sys-
tems be covered by atwo-year parts-and-
labor written installation warranty, in
addition to any manufacturers warranties
on specific components. Theinstaller may
offer longer warranties. Also ask yourself,
“Will thiscompany stand behind the full-
system warranty for the next two years?’

Is the lowest price the “best deal”?

It might not be. Often, you get what
you pay for. Remember that aPV com-
pany isabusinessjust like any other, with



This new home at Lowry features a grid-tied system
that will provide about a third of the home's electricity
needs. (Photo Courtesy of McStain Enterprises)

overhead and operating expenses that
must be covered. It'salways possible that
alow price could be asign of inexperi-
ence. Companiesthat planto stay in
business must charge enough for their
products and servicesto cover their costs,
plusafair profit margin. Therefore, price
should not be your only consideration.
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Before connecting a GTPV system to the grid

What about permits?

If youliveinacommunity in which
ahomeowners association requires
approval for asolar system, you or your
PV provider may need to submit your
plans. Gain approval from your home-
owners associ ation before you begin
installing your PV system. Under
Colorado law, you havetheright toinstall
asolar system onyour home. If the
approval isdenied, contact one of the
groups under Getting Help at the end of
this booklet.

Most likely, you will need to obtain
permitsfrom your city or county building
department. You will probably need a
building permit, an electrical permit,
or both beforeinstalling aPV system.
Typicaly, your PV provider will take
careof this, rolling the price of the permits
into the overall system price. However,
in some cases, your PV provider may
not know how much time or money will
beinvolvedin“pulling” apermit. If so,
thistask may be priced on atime-and-
materialsbasis, particularly if additional
drawings or calculations must be provided
to the permitting agency. In any case,
make sure the permitting costsand
responsibilities are addressed at the start
with your PV provider.

Coderequirementsfor GTPV systems
vary somewhat from onejurisdiction to
the next, but most requirements are based
on the National Electrical Code (NEC).
The NEC hasaspecial section, Article
690, that carefully spellsout requirements
for designing and installing safe, reliable,
code-compliant PV systems. Because
most local requirements are based on the
NEC, your building inspector islikely to
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rely onArticle 690 for guidancein deter-
mining whether your PV system has been
properly designed and installed. If you are
among thefirst peoplein your community
toinstall agrid-tied PV system, your

local building department may not have
approved one of these systems. If thisis
the case, you and your PV provider can
speed the process by working closely and
cooperatively with your local building
officialsto help educate them about the
technology and its characteristics.

What about insurance?

Your electric utility will requireyou to
enter into an interconnection agreement,
described morefully in the next section.
Usually, these agreements set forth mini-
mum insurance requirementsthat you
must keepinforce. If you arebuying a
PV system for your home, your standard
homeowner’sinsurance policy isusually
adequate to meet the utility’srequire-
ments. However, if insurance coverage
becomes an issue, contact one of the
groups under Getting Help at the end of
thisbooklet.

How do | get an interconnection
agreement?

Connecting your GTPV systemto the
utility grid will require you to enter into
an interconnection agreement and a pur-
chase and sale agreement. Colorado
Public Utilities Commission regul ations
and federal law require utilitiesto supply
you with an interconnection agreement.
Some Colorado utilities, including Public
Service Company of Colorado, have
developed simplified, standardized inter-
connection agreements for small-scale
GTPV systems.



The interconnection agreement speci-
fiesthe terms and conditions under which
your system will be connected to the
utility grid. Thesewill include your oblig-
ation to obtain permitsand insurance,
maintain the system in good working
order, and operateit safely. The purchase
and sale agreement specifiesthe metering
arrangements, the payment for any excess
generation, and any other related issues.

Thelanguagein these contracts should
be simple, straightforward, and easy to
understand. If you are unclear about your
obligations under these agreements, you
should contact the utility or your electrical
service provider for clarification. If your
guestions are not adequately addressed,
contact one of the groups under Getting
Help at the end of thisbooklet.

National standardsfor utility intercon-
nection of PV systemsare quickly being
adopted by many local utilities. The most
important of these standards focuseson
inverters. Traditionally, inverterssimply
converted the DC electricity generated by
PV modulesinto the AC electricity used
in our homes. More recently, inverters
have evolved into remarkably sophisti-
cated devicesto manage and condition
power. Many new inverterscontain all the
protectiverelays, disconnects, and other
components necessary to meet the most
stringent national standards. Two of these
standards are particularly relevant:

* Ingtitute of Electrical and Electronic
Engineers, P929: Recommended
Practice for Utility Interface of
Photovoltaic Systems. Institute of
Electrical and Electronic Engineers,
Inc., New York, NY (1988, with revi-
sion being finalized in 1998).

e Underwriters Laboratories, UL Subject
1741: Standard for Static Inverters
and Charge Controllersfor Usein

Photovoltaic Power Systems (First
Edition). Underwriters Laboratories,
Inc., Northbrook, IL (December 1997).

You don't need to fully understand
these standards, but your PV provider
and utility should. Itisyour obligation to
ensurethat your PV provider uses equip-
ment that complieswith therelevant stan-
dards, so be sureto discussthisissue.

How do | get a net-metering
agreement?

Some utilitiesin Colorado offer cus-
tomerswith GTPV systemsthe option to
“net meter” the excess power generated
by the GTPV system. Thismeansthat
when the GTPV system generates more
power than the household can use, the
utility paysthefull retail pricefor this
power in an even swap asthe electric
meter spinsbackward. Public Service
Company of Colorado (PSCo) has estab-
lished aPV Pilot Program to offer net
metering for up to 200 residential and
commercial customerswho install GTPV
systemsthat are 10 kilowatts or smaller.
Net metering allows eligible customers
with GTPV systemsto connect to thegrid
with their existing single meter. Almost all
standard utility meters are able to measure
the flow of energy in either direction. The
meter spinsforward when electricity is
flowing from the utility into the building
and spins backward when power isflow-
ing from the building to the utility. Under
the PSCo program, customersare billed
monthly for the“ net” energy consumed.
If the customer’s net consumptionis
negativein any month (i.e., the GTPV
system produces more energy than the
customer uses), the balanceis credited to
subsequent months. Once ayear, on the
anniversary of the effective date of the
interconnection agreement, PSCo will pay
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the customer for any negative balance at
itswholesale or “avoided cost” for energy.
Thispriceisnow lessthan 2 cents per
kilowatt-hour.

Net metering allows customersto get
more val ue from the energy they generate.
Net metering simplifies both the metering
process (by eliminating the need for a
second meter) and the accounting process
(by eliminating the need for monthly pay-
mentsfrom your utility). Besureto ask
your utility about its policy regarding net
metering.

Under thefederal Public Utility
Regulatory PoliciesAct (PURPA), utili-
tiesmust allow you to interconnect your
GTPV system, and they must also buy any
excess electricity you generate (beyond
what you usein your home or business).
If your utility does not offer net metering,
it will probably requireyou to use two
meters: one to measure the flow of elec-
tricity into the building, the other to mea-
suretheflow of electricity out of the
building. If net metering isnot available,
the utility will only pay you awholesale
ratefor your excesselectricity. Inthis
case, you will have astrong incentiveto
useall the electricity you generate so that
it offsets electricity you would otherwise
haveto purchase at theretail rate. This
may be afactor in how you optimize your
system size, because you may want to
limit the excess el ectricity you generate.
This“dua metering” arrangement isthe
norm for industrial customerswho gener-
ate their own power.

What about utility and inspection
sign-off?

After your new GTPV systemis
installed, it must beinspected and “ signed
off” by thelocal permitting agency
(usually abuilding or electrical inspector)
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and most likely by the electric utility with
which you entered into an interconnection
agreement. Inspectors may possibly
requireyour PV provider to make correc-
tions, but don’'t be alarmed—thisisfairly
common in the construction business. A
copy of the building permit showing final
inspection sign-off isrequired to qualify
for the COSEIA Solar Rebate Program.

What about warranties?

Warranties are key to ensuring that your
PV system will berepaired if something
should malfunction during the warranty
period. GTPV systemseligiblefor the
COSEIA Solar Rebate Program must
carry afull (not “limited”) two-year
warranty, in addition to any manufactur-
ers warranties on specific components.
Thiswarranty should cover al partsand
labor, including the cost of removing any
defective component, shipping it to the
manufacturer, and reinstalling the compo-
nent after itisrepaired or replaced. The
COSEIA Solar Rebate Program’ stwo-
year warranty requirement supercedes
any other warranty limitations. In other
words, even if the manufacturer’sown
warranty on aparticular component is
lessthan two years, the system vendor
must still provide you with atwo-year
warranty. Similarly, even if the manufac-
turer’'swarranty isalimited warranty that
does not include the cost of removing,
shipping, and reinstalling defective com-
ponents, the system vendor must cover
these costsif theretailer alsoinstalled
the system.

Be sure you know who isresponsible
for honoring the various warranties asso-
ciated with your system—theinstaller, the
dealer, or the manufacturer. The vendor
should disclose the warranty responsibil-
ity of each party. Know thefinancial
arrangements, such as contractor's bonds,



A small grid-tied PV system has been installed on the
carriage house at the Colorado Governor's Mansion.

that assure the warranty will be honored.
Remember, awarranty does not guarantee
that the company will remainin business.
Get aclear understanding of whom you
should contact if thereisaproblem.
Under the COSEIA Solar Rebate Pro-
gram, vendors must provide documenta-
tion that specifiesinformation on system
and component warranty coverage and
claimsprocedures. To avoid any later
misunderstandings, be sureto read the
warranty carefully and review the terms
and conditionswith your retailer.
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Getting help

To get moreinformation on solar electric systems, please contact:

Colorado Office of Energy Conservation
1675 Broadway, Suite 1300

Denver, C0 80202

Phone: 303-620-4292

Fax: 303-620-4288

The Colorado Office of Energy Conservation’s Renewable Energy Program (REP)
promotes the devel opment and use of renewabl e-energy resourcesin Colorado. REP
has primary responsibility for implementing the Governor’s Ten-Point Renewable
Energy Plan. REPalso offerstechnical assistance, sponsorsworkshops and forums,
and provides general information to Colorado energy consumers on renewabl e-energy
resources and applications.

The Colorado Public Utilities Commission
1580 Logan Street, Office Level 2
Denver, CO 80203

Phone: 303-894-2000

Fax: 303-894-2065

The Colorado Public Utilities Commission (COPUC), part of the Colorado
Department of Regulatory Agencies, regulatesthe state’s utilities. Utility customers
havetheright tofileaninformal or formal complaint with the COPUC. Individuals,
groups, or organi zations can also intervene or participatein formal cases beforethe
COPUC and can testify at public hearingsthat COPUC holds acrossthe state.

Colorado Solar Energy Industries Association (COSEIA)
2170 South Parker Road, Suite 263

Denver, C0 80231

Toll free: 800-633-9764

Phone: 303-750-9764

Fax: 303-750-0085

COSEIA isthe state chapter of the Solar Energy Industries Association, the national
trade association of the solar industry. Contact COSEI A for information about solar
energy and applications, the COSEIA Solar Rebate Program, COSEI A contractor
certification programs, and for adirectory of solar-energy contractorsin Colorado.

Colorado Renewable Energy Society (CRES)
1075 East Bates Parkway

Englewood, CO 80110

Toll Free: 888-806-5317

Phone/Fax: 303-806-5317

CRESisanon-profit educational membership organization whose goal isto further
renewable energy usein Colorado, including solar building design, photovoltaics, solar
thermal, biofuelsand wind energy.
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Cover photo: Installing a photovoltaic system on the
roof of the Silverthorne Builders Center, Silverthorne, CO.
(Paul Torcellini, NREL/PIX06682)




